whose contents match those of ACI 318-11 chapter 19. (The reader may wonder why this document was designated ACI 318.2 rather than ACI 318.1. This is because it was initially planned that ACI 318-11 chapter 22 on plain concrete would become a separate standard, ACI 318.1. The number was reserved for that purpose. It was later decided to place the contents of ACI 318-11 chapter 22 in ACI 318-14 chapter 14.) Table 1 shows a side-by-side comparison of the organization of ACI 318-11 and ACI 318-14.
ACI 318-14 has no appendixes. It is likely that appendixes will be acquired in time because ACI 318 appendixes have served a useful purpose in the past by providing a home for material on its way into the standard (ACI 318-11 appendixes A and D, for example) or material on its way out (ACI 318-11 appendixes B and C, for example).
Organizational changes Organization of ACI 318-11
The organization of ACI 318-11 followed a framework that was started with ACI 318-71. 4 There have been eight editions in between, in 1977, 1983, 1989, 1995, 1999, 2002, 2005, and 2008 , with the framework remaining essentially unchanged.
ACI 318-11, following initial chapters on materials and construction aspects, dealt with analysis and design and strength and serviceability requirements in two succeeding chapters. Next, there were three behavior-based chapters, one on flexure and axial loads, one on shear and torsion, and one on development and splices of reinforcement. The document then switched to member-based chapters: two-way slab systems, walls, and footings. Finally, there were chapters on precast concrete, composite concrete flexural members, prestressed concrete, shells and folded plate members, strength evaluation of existing structures, earthquake-resistant structures, and structural plain concrete. There were also four appendixes, including one on strut-and-tie models and one on anchoring to concrete.
Member-based organization in ACI 318-14
While the ACI 318 cycle that produced ACI 318-05 5 and ACI 318-08 6 was still in full swing, it was decided after long deliberation within ACI, in the course of which external input was actively sought and considered, that ACI 318 should be reorganized as a member-based document. The idea was that within each chapter devoted to a particular member type, such as beam or column, the user would find all the requirements necessary to design that particular member type. Cary Kopczynski, 7 an ACI 318 committee member, says, "This will eliminate the need to flip through several chapters to comply with all of the necessary design requirements for a particular structural member, as was necessary with the old organization format. The code's new design can be compared to a cookbook: all the ingredients for baking a cake such as eggs, flour, sugar, oil-along with the baking instructions-are in one chapter, instead of individual chapters on eggs, flour, and sugar."
Toolbox chapters
One challenge in converting to a member-based organization was determining where to place design information that applies to multiple member types, such as development-length requirements. To repeat essentially the same information in multiple chapters did not make sense because that would make the ACI 318 standard much longer and more unwieldy, so the decision was made to house such information in "toolbox" chapters and to reference the information from the member-based chapters. A definition for special seismic systems, a term used in chapters 18 and 19, has been added: special seismic systems -Structural systems that use special moment frames, special structural walls, or both.
Chapter 3: Referenced Standards
The following referenced specifications have been added to section 3.2.4:
• 
Chapter 4: Structural System Requirements
This chapter has been added to ACI 318-14 to introduce structural system requirements. This chapter contains sections on materials, design loads, structural system and load paths, structural analysis, strength, serviceability, durability, sustainability, structural integrity, fire resistance, requirements for specific types of construction, construction and inspection, and strength evaluation of existing structures. Most of these sections refer to other chapters
Construction documents and inspection
A unique chapter that the user will probably require some time to get used to is chapter 26, "Construction Documents and Inspection." The chapter starts with the following:
26.1.1 This chapter addresses (a) through (c):
(a) Design information that the licensed design professional shall specify in the construction documents, (b) Compliance requirements that the licensed design professional shall specify in the construction documents, (c) Inspection requirements that the licensed design professional shall specify in the construction documents.
Thus, construction and inspection requirements have been consolidated, and they are now related to construction documents. The construction requirements are designated either as "design information" or "compliance requirements." These are largely existing materials that have been rearranged. The primary intent of these provisions is that the licensed design professional must now provide all of the construction requirements in the project drawings and specifications, rather than referring to ACI 318.
The inspection requirements in section 26.13 are taken from chapter 17 of the 2015 IBC 2 and were previously not part of ACI 318.
Technical changes Chapter 1: General
General information regarding the scope and applicability of ACI 318 is provided.
A new section on interpretation is included to help users better understand the ACI 318 provisions.
Chapter 2: Notation and Terminology
Engineers are specifying use of interlocking headed deformed bars to form the legs of hoops. The use of interlocking headed bars is a concern because of the possibility that heads will not be adequately interlocked and because the heads could become disengaged under complex loadings well into the nonlinear range of response. Therefore, the definition for hoops has been modified as follows:
hoop -Closed tie or continuously wound tie, made up of one or several reinforcement elements, each having in ACI 318-14. The section on construction and inspection, for instance, refers to chapter 26. In the areas of sustainability and fire resistance, ACI 318-14 does not have specific requirements. The section on sustainability allows the licensed design professional to specify, in the construction documents, sustainability requirements in addition to the strength, serviceability, and durability requirements of ACI 318-14. The strength, serviceability, and durability requirements are required to take precedence over sustainability considerations, though these requirements are generally in harmony with sustainable structures. In the section on fire resistance, ACI 318 refers to the fire-protection requirements of the general building code, saying only that where "the general building code requires a thickness of concrete cover for fire protection greater than the concrete cover specified in 20.6.1, such greater thickness shall govern." This would be the case anyway because 2015 IBC 2 section 102.4.1 explicitly states, "Where conflicts occur between provisions of this code and referenced codes and standards, the provisions of this code shall apply."
Chapter 5: Loads
The following modification has been made in the provision for live load reduction because there are still unincorporated areas where there may not be a general building code:
5.2.3 -Live load reductions shall be permitted in accordance with the general building code or, in the absence of a general building code, in accordance with ASCE/SEI 7.
For many code cycles, ACI 318 retained provisions for service-level earthquake forces in design load combinations. In 1993, ASCE 7 15 converted earthquake forces to strength-level forces and reduced the earthquake load factor to 1.0, and the model building codes followed suit. In modern building codes around the world, earthquake loads are now strength-level forces. Therefore, any references to service-level earthquake forces including the following ACI 318-11 section have been deleted: 9.2.1 (c) Where E, the load effects of earthquake, is based on service-level seismic forces, 1.4E shall be used in place of 1.0E in Eq. (9-5) and (9-7).
A requirement to include secondary moments was properly included in the ACI 318-11 section on moment redistribution but was not included anywhere else. Because secondary moments are significant considerations when a member is being designed, including when moments are not redistributed, they should be included in the member chapters. Also, the effects of reactions induced by prestressing include more than just secondary moments, so the language is modified to reflect this. Two new sections should be noted: 
Chapter 6: Structural Analysis
The following new item has been added in section 6.6.2.3:
(b) For frames or continuous construction, it shall be permitted to assume the intersecting member regions are rigid.
ACI 318 has so far been silent on the use of finite element analysis (FEA), though it is now frequently used. Chapter 6 has added section 6.9 with provisions that are intended to explicitly allow the use of FEA and to provide a framework for the future expansion of FEA provisions. It is not the purpose of the added provisions to serve as a guide toward the selection and use of FEA software. The new chapter on diaphragms and collectors makes an explicit reference to the use of FEA, which makes it imperative that ACI 318 recognize the acceptability of its use.
Chapter 8: Two-Way Slabs ACI 318-11 section 18.9.1 required a minimum area of bonded reinforcement to be provided in all flexural members with unbonded tendons. The purpose of the minimum bonded reinforcement over the tops of columns is to distribute cracking caused by high local flexural tensile stresses in areas of peak negative moments. However, the high local tensile stresses are not unique to slabs with unbonded tendons. ACI 318-14 section 8.6.2.3 requires the same minimum bonded reinforcement in slabs with unbonded or bonded tendons, except that the area of bonded tendons is considered effective in controlling cracking.
ACI Committee 318 also decided that if the same bonded reinforcement were required for both bonded and unbonded posttensioned two-way systems, the structural integrity requirements for both systems should also be the same. The structural integrity requirements in ACI 318-11 section 18.12.6 applied to two-way posttensioned slab systems with unbonded tendons only. The structural integrity requirements in ACI 318-14 section 8.7.5.6 now apply to two-way posttensioned slab systems with bonded as well as unbonded tendons.
Chapter 9: Beams
The use of open web reinforcement for torsion and shear in slender spandrel beams has been suggested by the precast concrete industry as an alternative to the closed stirrups traditionally mandated by ACI 318. Eliminating closed stirrups is desirable because they cause reinforcement congestion; production costs also increase significantly because pretensioning strand must be threaded through the closed stirrups.
An extensive PCI-sponsored experimental and analytical research program was conducted at North Carolina State University (NCSU). 16, 17 The objective was to develop a rational design procedure for slender precast concrete spandrel beams. Specifically, the research was aimed at simplifying the detailing requirements for the end regions of such beams. The end regions are often congested with heavy reinforcement cages when designed using current procedures.
Sixteen precast concrete spandrel beams were tested to failure (Fig. 1) . All specimens were full-scale, most spanning 45 ft (13.7 m) . Two of the test specimens were designed and detailed with closed stirrups, according to current practice, to serve as controls for the experimental program. The remaining specimens were designed with various configurations of open web reinforcement. Several specimens were specially configured to force failures in their end regions by adding extra ledge, flexural, and hanger reinforcement.
In addition to the experimental program, finite element models were developed (Fig. 2) and calibrated to experimental data. These models were used in conjunction with conventional analysis to corroborate the experimental results and to further investigate the behavior of slender precast concrete spandrel beams.
The results of this research demonstrated that properly designed open web reinforcement is a safe, effective, and efficient alternative to traditional closed stirrups for slender precast concrete spandrels. A simple, rational design procedure was developed. This proposed procedure significantly reduces reinforcement congestion, especially in the end regions of slender spandrels, while maintaining a desired level of safety. 18 ACI 318-14 has, for the first time, added design provisions in the new chapter 12 for diaphragms in buildings assigned to SDC C and lower. The new chapter applies "to the design of nonprestressed and prestressed diaphragms, including (a) through (d):
(a) Diaphragms that are cast-in-place slabs (b) Diaphragms that comprise a cast-in-place topping slab on precast elements column confinement. ACI 318, through its 2011 edition, did not explicitly account for confinement effectiveness in determining the required amount of confinement. It instead assumed constant confinement effectiveness independent of how the reinforcement is distributed.
In view of this, confinement requirements for columns of special moment frames (section 18.7.5) Fig. 4 ) with high axial load (
, where P u is the factored axial force, A g is the gross area of concrete section;,and f c ' is the specified compressive strength of concrete) or high concrete compressive strength ( Chapter 12 follows the format of the other member-based chapters.
Chapter 18: Earthquake-Resistant Structures
There are a number of significant and substantive changes in this chapter.
Column confinement The ability of the concrete core of a reinforced concrete column to sustain compressive strains tends to increase with confinement pressure.
Compressive strains caused by lateral deformation are additive to the strains caused by axial load. It follows that confinement reinforcement should be increased with axial load to ensure consistent lateral deformation capacity. The dependence of the amount of required confinement on the magnitude of axial load imposed on a column has been recognized by some codes from other countries (such as CSA A23.3-14 19 and NZS 3101-06 20,21 ) but was not reflected in ACI 318 through its 2011 edition.
The ability of confining steel to maintain core concrete integrity and increase deformation capacity is also related to the layout of the transverse and longitudinal reinforcement. Longitudinal reinforcement that is well distributed and laterally supported around the perimeter of a column core provides more-effective confinement than a cage with larger, widely spaced longitudinal bars. Confinement effectiveness is a key parameter determining the behavior of confined concrete (Mander et al. 22 ) and has been incorporated into the CSA A23. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 19 equation for where n l is the number of longitudinal bars or bar bundles around the perimeter of a column core with rectilinear hoops that are laterally supported by the corner of hoops or by seismic hooks.
Special moment frame beam-column joints For beam-column joints of special moment frames, clarification of the development length of beam longitudinal reinforcement that is hooked, requirements for joints with headed longitudinal reinforcement, and restrictions on joint aspect ratio are new.
ACI 318 joint design provisions are based on the assumption that joint shear strength is provided mainly by a diagonal compression strut that develops across the joint. Joint transverse reinforcement confines the concrete strut, enabling it to resist shear under force reversals. The strut is most effective if the joint aspect ratio h beam /h column is close to 1.0, where h beam is the overall depth of the beam and h column is the overall depth of the column. For very large aspect ratios ( Fig. 6) , joint strength is likely to be reduced if a single strut is used. For such joints, additional transverse reinforcement might be required to support development of concrete struts that form at a shallower angle. It might also be necessary to modify the nominal joint shear strength
The change from prior practice is that instead of every other longitudinal bar having to be supported by a corner of a tie or a crosstie, every longitudinal bar will have to be supported when either the axial load on a column is high or the compressive strength of the column concrete is high.
The other new requirement for special moment frame columns is in the following section:
18.7.5.4 -Amount of transverse reinforcement shall be in accordance with Table 18 .7.5.4 (reproduced here as Table 2 ).
The concrete strength factor k f and confinement effectiveness factor k n are calculated by (a) and (b). 
f c ' > 10,000 psi Greater of (a), (b) and (c)
Source: Data from ACI 318-14 Table 18 .7.5.4. Note: A ch = cross-sectional area of a member measured to the outside edges of transverse reinforcement; A g = gross area of concrete section; for a hollow section, A g is the area of the concrete only and does not include the area of the void(s); A sb = area of longitudinal reinforcement in shear wall boundary element; b c = cross-sectional dimension of member core measured to the outside edges of the transverse reinforcement composing area A sh ; f c ' = specified compressive strength of concrete; f yt = specified yield strength of transverse reinforcement; k f = concrete strength factor; k n = confinement effectiveness factor; P u = factored axial force, to be taken as positive for compression and negative for tension; s = center-to-center spacing of items, such as longitudinal reinforcement, transverse reinforcement, tendons, or anchors.
from it. Bending the hook into the joint helps to develop a diagonal strut across the joint (Fig. 8) . This strut is a critical part of joint shear resistance. Although it is widely understood that the hook must project into the joint (Fig. 8) , ACI 318 never stated this explicitly. Some designers allow the hooks to be bent away from the joint at a contractor's option. The tail of 90-degree hooks is now required to be bent into the joint (section 18.8.5.1).
Headed reinforcement was first introduced in ACI 318-08. Use of headed reinforcement was not mentioned in chapter 21 of ACI 318-08 or 318-11. However, headed reinforcement is increasingly used in beam-column joints of special moment frames, in part based on recommendations of ASCE-ACI 352 23 and in part based on the growing literature on the subject. ACI 318-08 section 12.6.1(f) required that the minimum clear spacing between headed bars be at least 4d b , where d b is the nominal diameter of bar. The ASCE-ACI 352 recommendations do not constrain the spacing for headed bars. Numerous tests have now been reported on beam-column joints using headed bars; Kang et al. 24 summarize observations from tests on exterior beam-column joints. In consideration of the data presented there, ACI 318-14 now explicitly permits the use of headed reinforcement in beam-column joints of special moment frames and permits the clear spacing in such joints to be as small as 3d b for bars in a layer (section 18.8.5.2).
Special shear walls Section 18.10, previously section 21.9, has been extensively revised in view of the performance of buildings in the Chile earthquake of 2010 25 and the Christchurch, New Zealand, earthquakes of 2011, 26 as well as performance observed in the 2010 E-Defense full-scale reinforced concrete building tests. 27 In these earthquakes and laboratory tests, concrete spalling and vertical reinforcement buckling were at times observed at wall boundaries.
provisions in consideration of the steep strut (Fig. 6) . Unfortunately, no tests on special moment frame joints with high aspect ratios have been reported in the literature. In view of this, ACI 318-14 section 18.8.2.4 restricts h beam /h column to a value of 2 or less.
The case of knee joints with headed beam reinforcement (Fig. 7) requires special consideration. In such joints, joint failure can occur by a diagonal crack that extends beyond the headed bars or by top-face blowout above the beam bars. ACI 318-14 section 18.8.3.4, therefore, requires that in such joints, "the column shall extend above the top of the joint a distance at least the depth h of the joint. Alternatively, the beam reinforcement shall be enclosed by additional vertical joint reinforcement providing equivalent confinement to the top face of the joint." ASCE-ACI 352 recommends 23 that where standard hooks are used, the hook should be bent into the joint, not away where c = largest neutral axis depth calculated for the factored axial force and nominal moment strength consistent with the direction of the design displacement δ u (Fig. 9) The 1.5 factor has been inserted in the denominator in ACI 318-14. Thus, more shear walls will require confined boundary zones under ACI 318-14 than under ACI 318-11. There were four considerations behind the insertion:
-The deflection amplification factor C d of ASCE 7 may underestimate displacement response.
-Because collapse prevention under the maximum Wall damage was often concentrated over a wall height of two or three times the wall thicknesses, much less than the commonly assumed plastic-hinge height of one-half the wall length. Out-of-plane buckling failures over partial story heights were also observed. This failure mode had previously been observed only in a few moderatescale laboratory tests. Following are the significant changes.
• The displacement-based design procedure in section 18.10.6.2 has all along been applicable only to a cantilever wall with a critical section at the base. Another requirement is now added for the displacement-based design procedure to be applicable: the total height-to-total length ratio (h w /ℓ w , where h w is the height of entire wall from base to top, and ℓ w is the length of entire wall) of the wall must be no less than 2; in other words, the wall must be reasonably slender.
In the displacement-based approach, special confinement is required over a part of the compression zone: Figure 9 . Specially confined boundary zone of special shear wall. Note: c = distance from extreme compression fiber to neutral axis; h w = height of entire wall from base to top, or clear height of wall segment or wall pier considered; ℓ w = length of entire wall or length of wall segment or wall pier considered in direction of shear force; M u = factored moment at section; P u = factored axial force, to be taken as positive for compression and negative for tension; V u = factored shear force at section; δ u = design displacement. (Fig. 10) .
compression-controlled section
• Required transverse reinforcement for specially confined boundary zones of special shear walls has traditionally been determined using provisions for potential hinging regions of special moment frame columns.
In the plastic hinge region of a special moment frame column, the minimum cross-sectional area of transverse reinforcement must be the larger amount given by ACI 318-14 Eq. (20.7.5.4b) and (20.7.5.4c) (old Eq. and ). In the case of specially confined boundary zones of special shear walls, however, two exceptions were made. Eq. (21-4) or ACI 318-14 Eq. (20.7.5.4b) was declared inapplicable, and the maximum spacing limitation of one-quarter the minimum plan dimension was relaxed to one-third. Equation (20.7.5.4b) is no longer inapplicable. As to the minimum cross-sectional area of transverse reinforcement, there is no difference now between a special moment frame column hinging region and the specially confined boundary zone of a special shear wall.
In addition, the maximum center-to-center horizontal spacing of crossties and hoop legs h x of 14 in.
(360 mm) has been found not to provide sufficient confinement to thin walls. Based on laboratory tests by Thomsen and Wallace, 28 the maximum center-tocenter horizontal spacing of crossties and hoop legs is now restricted to the lesser of two-thirds the wall thickness or 14 in. (section 18.10.6.4[e]).
• No slenderness limits existed in ACI 318-11 section 21.9 for specially confined boundary zones, primarily because this failure mode had only been observed in moderate-scale laboratory tests. Observations of wall performance in recent earthquakes and laboratory tests indicate that slender walls, which typically have low shear stress, are susceptible considered earthquake is the prime objective of IBC/ASCE 7 seismic design, maybe displacements caused by the maximum considered earthquake, rather than the design earthquake, should be considered. The maximum considered earthquake is 150% as strong as the design earthquake.
-There is dispersion in seismic response, making it desirable to aim at an estimate that is not far from the expected upper-bound response.
-Damping may be lower than the 5% value assumed in the ASCE 7 design spectrum. The 1.5 factor is applied to the design displacement to emphasize that it is the design displacement that is modified (rather than changing the constant in the denominator to 900).
The lower limit of δ u /h w = 0.007 in Eq. (21-8) of ACI 318-11 is changed to 0.007/1.5 = 0.0047 (0.005) to be consistent with this change. The commentary already says, "The lower limit of 0.005 on the quantity δ u /h w requires moderate wall deformation capacity for stiff buildings." The following new sentence has been added, "The lower limit of 0.005 on the quantity δ u /h w requires special boundary elements if wall boundary longitudinal reinforcement tensile strain does not reach approximately twice the limit used to define tensioncontrolled beam sections according to 21.2.2."
• ACI 318-14 Eq. (18.10.6.2) is based on the assumption that yielding at the assumed critical section occurs over a plastic hinge height of one-half of the wall length. In order to achieve this spread of plasticity, either the wall section should be tension controlled or the compression zone must remain stable when subjected to large compressive strains (transition or to lateral instability failures. In ACI 318-11 section 21.9.2, a single curtain of web reinforcement was allowed as long as V u did not exceed 2A cv λ f c ' , where A cv is the gross area of concrete section bounded by web thickness and length of section in the direction of shear force considered in the case of walls, and the gross area of concrete section in the case of diaphragms, not to exceed the thickness times the width of the diaphragm. Use of a single curtain of web reinforcement makes these walls more susceptible to instability failure. This is because following yielding of the longitudinal reinforcement in tension, a single layer of vertical web reinforcement lacks a mechanism to restore stability (Fig. 11) . 30 Two changes have been made to address these issues: -limit the slenderness ratio at all specially confined boundary zones to ℓ u /16 (section 18.10.6.4b) (Fig. 12) -require two curtains of web reinforcement in all walls having h w /ℓ w ≥ 2.0 (section 18.10.2.2)
• Cyclic load reversals may lead to buckling of boundary longitudinal reinforcement even in cases where the demands on the boundary of the wall do not require special boundary elements. For walls with a boundary longitudinal reinforcement ratio exceeding a certain threshold value, ties are required to inhibit buckling (Fig. 13) . The longitudinal reinforcement ratio is Figure 11 . Lateral instability of wall boundary previously yielded in tension. Image from NIST (2014). Note: b = width of compression face of member; C = externally applied compression force on section; C c = compression concrete force; C s = force in tension reinforcement; d = distance from extreme compression fiber to centroid of longitudinal tension reinforcement; h u = laterally unsupported height at extreme compression fiber of wall or wall pier, equivalent to ℓ u for compression members; k = effective length factor; ℓ u = unsupported length of column or wall; T = externally applied tensile force on section; γ = distance of line of application of compression concrete force from neutral axis divided by total depth of section; δ = maximum out-of-plane deflection; ε sm = strain in reinforcement at the section of maximum deflection; κ = ratio of effective depth to total depth of section; ξ = ratio of maximum out-of-plane deflection to member depth; ϕ = sectional curvature. 2.4 to help with this interpolation: "Typically, the designer will not know the blends of aggregate necessary to achieve the target design strength and density required for a project. In most cases, local concrete and aggregate suppliers have standard lightweight concrete mixtures and can provide the volumetric fractions of lightweight and normalweight aggregates necessary to achieve the target values. These volumetric fractions can be used to determine the value of λ, or in the absence of such data, it is permissible to use the lower-bound value of λ for the type of lightweight concrete specified."
• ACI 318-11 -The column titled "Severity" has been deleted from the table.
-Conditions describing exposure classes F1, F2, and F3 have changed. "Occasional exposure to moisture" has been replaced by "limited exposure to water."
-"Continuous contact with moisture" has been replaced by "frequent exposure to water." -Exposure classes P0 and P1 (P for permeability) are now W0 and W1 (W for contact with water) because permeability is not an exposure condition.
• ACI 318-11 The maximum water-cementitious material ratio and the minimum compressive strength requirements for exposure classes F1 and F3 have changed ( Table 5 ).
The cementitious material types that are allowed in concrete assigned to exposure classes S1, S2, and S3 have changed ( Quite a few significant changes have been made in this chapter.
• ACI 318-11 section 5.1.5, which says, "Splitting tensile strength tests shall not be used as a basis for field acceptance of concrete," and commentary section R5.1.5 have been deleted because ACI 318-14 section 19.2.1.2 clearly says, "The specified compressive strength shall be used for mixture proportioning in 26.4.3 and for testing and acceptance of concrete in 26.12.3."
• The tensile strength and all related properties of concrete are considered by ACI 318 to be functions of f c ' . To determine all such properties for lightweight concrete, a multiplier of λ is applied to f c ' in all has included requirements for binary (IP and IS) and ternary (IT) blended cements.
• In section 19.3.3 (ACI 318-11 section 4.4), a new section 19.3.3.2 has been added that requires that "Concrete shall be sampled in accordance with ASTM C172, and air content shall be measured in accordance with ASTM C231 or ASTM C173." 11, 32, 33 ASTM C231 (pressure method) is commonly used for normalweight concrete and ASTM C173 11 (volumetric method) for lightweight concrete.
• The new commentary section 19.3.3.2 clarifies that ACI 318 requirements for air content apply to fresh concrete sampled at the point of discharge from a mixer or a transportation unit upon arrival on-site. If the licensed design professional requires sampling and acceptance of fresh concrete air content at another point, appropriate requirements must be included in the construction documents.
• The footnotes to ACI 318-11 In ACI 318-11, this requirement became "Deformed reinforcing bars shall conform to one of the ASTM specifications listed in 3.5.3.1, except that for bars with f y less than 60,000 psi (414 MPa), the yield strength shall be taken as the stress corresponding to a strain of 0.5 percent, and for bars with f y at least 60,000 psi, the yield strength shall be taken as the stress corresponding to a strain of 0.35 percent."
This definition has changed in a major way in ACI 318-14. For reinforcement without a sharply defined yield point, yield strength is now based on the 0.2% offset method (Fig. 16) , as in ASTM specifications. The change was initi- ated when a task group was formed under ACI 318 Subcommittee B to reassess yield measurement methodologies in light of the actual stress-strain behavior of currently produced nonprestressed steel reinforcement products. The task group conducted a parametric study that performed analytical predictions of actual sectional strength for numerous beams and columns, as reported by Paulson et al. 34 Normalized stress-strain relationships were developed for Grade 60 (414 MPa) and Grade 80 (552 MPa) reinforcement, both sharply yielding and gradually yielding, based on observed actual stress-strain behavior. As used here, normalized means that the gradually yielding stress-strain curve develops exactly the specified yield strength when yield is measured according to the criteria being considered (based on 0.35% elongation under load, 0.2% offset method, and so forth). Also included in the parametric study were code-based nominal sectional strengths.
Beam sections were found to have predicted analytical strengths that were always in excess of code-calculated nominal strengths, even when the reinforcement was gradually yielding and the yield strength definition was based on the 0.2% offset method. Also, only certain heavily reinforced sections were found to have predicted strengths as low as 95% of code nominal strength when reinforcement was gradually yielding and the yield strength definition was based on the 0.2% offset method.
The yield measurement method for gradually yielding nonprestressed steel reinforcement became the offset method (using an offset of 0.2%) because of the following:
• Heavily reinforced column sections are less practical.
• Actual strengths are no more than 5% below codepredicted strengths.
• Gradually yielding reinforcement is an infrequent occurrence (estimated to be at most a few percent of current ASTM A615 and A706 bars). 35, 36 • The sections with the lowest actual strengths compared with code-predicted strengths are compression- conforming to ASTM A1022 37 is now permitted to be used as concrete reinforcement. Section 20.2.2.5 requires "Deformed nonprestressed longitudinal reinforcement resisting earthquake induced moment, axial force, or both, in special moment frames, special structural walls, and all components of special structural walls including coupling beams and wall piers" to be ASTM A706 36 Grade 60 (414 MPa). ASTM A615 35 Grade 40 (276 MPa) or Grade 60 reinforcement is permitted if two supplementary requirements are met, which are already part of the ASTM A706 specification. A third supplementary requirement is now added for ASTM A615 Grade 60 reinforcement to be permitted for use in special moment frames and special shear walls. The minimum elongation in 8 in. (200 mm) must now be the same as that for ASTM A706 Grade 60 reinforcement.
The stress in prestressing steel at the stage of strength f ps can be calculated based on strain compatibility or is permitted to be calculated in accordance with Eq. (20.3.2.3.1) for members with bonded prestressed reinforcement if the effective prestress is no smaller than one-half the tensile strength of the prestressing reinforcement. The controlled with a ϕ-factor of 0.65, providing for a still ample margin of safety. The 0.2% offset method is selected because it is the most common method used in the steel products manufacturing industry. This change aligns ACI 318 with common industry practice while not adversely affecting the structural safety of reinforced concrete members.
There are other changes in chapter 20 as well.
Deformed and plain stainless steel wire and welded wire Table 4 . Exposure categories and classes in ACI 318-14
Category Class Condition
Freezing and Thawing (F)
F0
Concrete not exposed to freezing-and-thawing cycles F1 Concrete exposed to freezing-and-thawing cycles with limited exposure to water F2 Concrete exposed to freezing-and-thawing cycles with frequent exposure to water F3 Concrete exposed to freezing-and-thawing cycles with frequent exposure to water and exposure to deicing chemicals In contact with water (W)
W0
In contact with water where low permeability is not required
W1
In contact with water where low permeability is required
Corrosion protection of reinforcement (C)
C0
Concrete dry or protected from moisture C1 Concrete exposed to moisture but not to an external source of chlorides C2 Concrete exposed to moisture and an external source of chlorides from deicing chemicals, salt, brackish water, seawater, or spray from these sources Source: Data from ACI 318-14 Note: f c ' = specified compressive strength of concrete; w/cm = watercementitious materials ratio. 1 psi = 6.985 kPa.
The value of f se is required to be at least 0.003E p . For grouted, posttensioned tendons, it is permitted to assume A pd equals A pt.
• ACI 318-14 has also added a new section 22.4.3.1, which requires that the nominal axial tensile strength of a nonprestressed, composite, or prestressed member P nt not be taken greater than the maximum nominal axial tensile strength of member P nt , max calculated by the following equation:
where Δf p = increase in stress in prestressing reinforcement due to factored loads
A pt = zero for nonprestressed members
• In ACI 318-11, the two-way shear strength of a slabcolumn connection that is subjected to concentric axial load only was expressed in terms of force (nominal shear strength V n , nominal shear strength provided by concrete V c , nominal shear strength provided by shear reinforcement V s ), while the two-way shear strength of a slab-column connection that is subjected to axial load and moment was expressed in terms of stress (equivalent concrete stress corresponding to nominal two-way shear strength of slab or footing v n , stress corresponding to nominal two-way shear strength provided by concrete v c , and equivalent concrete stress corresponding to nominal two-way shear strength provided by reinforcement v s ). In ACI 318-14, the two-way shear provisions are all expressed in terms of stress.
• For typical cruciform shear reinforcement layouts, ACI 
Chapter 22: Sectional Strength
Following are the changes in chapter 22:
• For prestressed members, a new equation for the nominal axial strength at zero eccentricity P o has been introduced in section 22.4.2.3:
where A st = total area of nonprestressed longitudinal reinforcement, including bars or steel shapes and excluding prestressing reinforcement A pd = total area occupied by duct, sheathing, and prestressing reinforcement
A pt = total area of prestressing reinforcement f se = effective stress in prestressing reinforcement after allowance for all prestress losses E p = modulus of elasticity of prestressing reinforcement The provisions in ACI 318-11 section 12.14.3.5 and associated commentary allowed the use of mechanical or welded splices with strength lower than 125% of the specified yield strength f y of the spliced reinforcing bars provided that such splices were used on no. 5 (16M) and smaller bars and that the splices met other requirements, such as staggering, outlined in ACI 318-11 section 12.15.5. These provisions were originally written to accommodate a mechanical splice product, which delivered such lower performance, and for welds of lower strength. Due to the development of new mechanical splices, the need for such a category of splice for bar sizes no. There was no direct counterpart to chapter 26 in ACI 318-11. ACI Committee 318 has concluded that ACI 318 is really written to the engineer, not the contractor. This means that all construction requirements-all construction-related information that the engineer needs R11.11.5 recommend outer critical sections with diagonal segments in the open quadrants of the cruciform, yielding a polygon for the critical section rather than the rectangle permitted for the critical section nearest the column (Fig. 17) . However, it came to the attention of ACI Committee 318 that a widely distributed commercial concrete design program uses a straight-sided critical section beyond the termination of the shear reinforcement (Fig. 17) .
The polygon-shaped critical section corresponds to the minimum perimeter of the outer critical section b o . Using a rectangular outer critical section with cruciform reinforcement layouts can result in a 30% increase in calculated factored shear strength or shear reinforcement being discontinued too close to the column. The underlined sentence is newly added to ACI 318-14 to provide clarification.
Chapter 25: Reinforcement Details
The two changes shown in within Sections 26.7 and 26.13, as appropriate.
Ned Cleland says that "When the Structural Engineer of Record (SER), as the Owner's agent, provides only limited services on a project and the design of the system, connections and components is delegated to the precast concrete subcontractor, there appears to be a large gap in the construction documents as envisioned in Chapter 26. … there is a liability exposure of the SER who does not provide the design information, compliance requirements or inspection requirements on construction drawings because they have little or no knowledge as to the design of the precast/prestressed concrete." 42 There are some substantive changes made to the ACI 318-11 provisions covered in chapter 26:
• In ACI 318-11 section 3.5.1, "Discontinuous deformed steel fibers shall be permitted only for resisting shear under conditions specified in 11.4.6.1(f)" has been interpreted to restrict other applications in which discontinuous deformed steel fibers could potentially be used. The intent of the wording was not to exclude the use of discontinuous deformed steel fibers. The wording has been improved to indicate that ACI 318-14 only addresses the use of deformed steel fibers for shear. Other applications are not prohibited but rather fall under ACI 318-14 section 1.4.
• ACI 318-11 sections 5. This chapter establishes the minimum requirements for information that must be included in the construction documents as applicable to the project. The requirements include information developed in the structural design that must be conveyed to the contractor, provisions directing the contractor on required quality, and inspection requirements to verify compliance with the construction documents. In previous editions of the Code through 2011, these provisions were located throughout the document. Starting with the 2014 edition, with the exception of Chapter 17, all provisions relating to construction have been gathered into this chapter for use by the licensed design professional. Construction and inspection-related provisions associated with anchors are in Chapter 17 and are called out The reason for the removals is that many concrete producers are capable of using their quality control processes to develop appropriate mixtures without following the prescriptive procedures.
The prescriptive requirements on mixture proportioning were directed to the contractor. ACI 301 is the proper document for them. ACI 318 need only provide the acceptance criteria for the concrete, which are now given in section 26.4.2. 
